Background: The importance of multidrug-resistant organisms (MDRO) in Chinese hospitals is not clearly delineated. Thus we sought to assess the prevalence of MDRO in Chinese intensive care units (ICUs). Methods: Prospective study of inpatients admitted consecutively to eight ICUs in four Chinese cities in 2009-10. Admission and weekly screenings were performed by using selective media for methicillin resistant Staphylococcus aureus, extended-spectrum beta-lactamase-producing Enterobacteriaceae, Acinetobacter and Pseudomonas aeruginosa. For the two latters, resistance to ceftazidime defined MDRO. Backward logistic regression models were designed to assess factors independently associated with MDRO carriage on admission and MDRO acquisition within ICUs. Results: 686 patients were included, and the MDRO prevalence rate on admission was 30.5 % (32.7 % for ESBL-positive Enterobacteriaceae, 3.2 % for MRSA). Antibiotic treatment prior to ICU admission was independently associated with carriage on admission (OR: 1.4) in multivariate analysis. A total of 104 patients acquired ≥1 MDRO in ICU (overall attack rate: 23.7 %; 14.9 % for ESBL-positive Enterobacteriaceae, and 5.1 % for MRSA). The MDRO attack rate increased from 13.2 % in the first week to 82.1 % for ICU stay > 3 weeks. Duration of antibiotic exposure (OR: 1.16; 1.1-1.2) and prior antibiotic treatment before ICU (OR: 2.1; 1.1-3.3) were associated with MDRO acquisition in multivariate analysis. The MDRO prevalence rate on ICU discharge was 51.2 % and the global prevalence density rate 71 per 1000 hospital-days. Conclusion: More than one out of two patients was MDRO carrier on ICU discharge in Chinese hospitals. This is the result of the combination of a high MDRO prevalence rate on ICU admission and a high MDRO acquisition rate within ICU.
Background
Multidrug-resistant organisms (MDRO) are a threat throughout the world due to antibiotic overuse and crosstransmission [1] . Infections due to MDRO increase morbidity and even mortality among inpatients. Intensive care units (ICU) are the wards where antibiotic resistance and antibiotic use are the highest, and where the impact of antibiotic resistance is the highest [2, 3] . Accordingly, actions to limit the rise of MDRO within hospitals should focus on ICUs. Such programs aimed at decreasing the burden of multidrug resistance were developed in many countries, and have been shown to prevent cross-transmission within hospitals [4] [5] [6] . In China, infection control teams are in place in hospitals since 2000, but isolation precautions are seldom implemented. However, it is only very recently that policies regarding antibiotic use in hospitals have been issued.
Data on the epidemiology of MDRO in healthcare in Mainland China are scarce. Most of the reports are dealing on identification of resistant mechanisms in Gram-negative species such as extended-spectrum beta-lactamases (ESBL), metallo-betalactamases, or OXAtype beta-lactamases [7] [8] [9] [10] [11] . Few recent data report on the epidemiology of MDRO in the country. Recently, comparisons of the prevalence of MDR Acinetobacter baumannii between Hong-Kong and other regions of China showed that Hong-Kong had the lowest prevalence [12] . A national antimicrobial resistance investigation network (CHINET) [13, 14] has conducted multicentre studies in 15 cities under the coordination of the Because of the lack of data at the country level, and because it is of paramount importance to assess the magnitude of antimicrobial resistance to evaluate the current situation, and help promoting a program to curb MDRO in China, we designed a multicentre study to evaluate the baseline prevalence rates of MDRO in a sample of Chinese ICUs. All patients consecutively admitted during the studyperiod to participating ICUs for a length of stay > 24 hours were screened on admission, weekly thereafter and on ICU discharge, for nasal carriage of MRSA and digestive carriage of ESBL-producing Enterobacteriaceae as well as A. baumannii or Pseudomonas aeruginosa resistant to ceftazidime. The duration of participation varied according to each ICU.
Methods

Surveillance program
Bacteriology
Nasal swabs were inoculated onto ChromID MRSA and rectal swabs onto ChromID ESBL (bioMérieux, Marcy l'Etoile, France). All green colonies growing on ChromID MRSA after 24 hours were considered as MRSA [15] . For each type of gram-negative bacilli isolated on the ChromID ESBL screening media, identification and antibiotic susceptibility testing were performed by Vitek2 (bioMérieux, France), and isolates suspected to produce ESBL were sent in a referral centre for ESBL confirmation by using ESBL Etest strips (bioMérieux, France). A. baumannii and P. aeruginosa isolates resistant to ceftazidime were considered as MDRO. 
Data collection
Data were prospectively collected and included basic demographic data on admission, previous history of hospitalization in the last 6 months, antibiotic and invasive devices use three month before and during admission.
Patients harbouring MDRO in a clinical sample were also considered as MDRO carriers. The time to MDRO acquisition was calculated from ICU admission to the first MDRO-positive sample.
Analysis
Data were analysed by using Stata 11 (StataCorp, College Station, TX). Categorical variables were compared using the Fischer exact test, and the Mann-Whitney test was used for continuous variables. Multivariate analysis was performed by using logistic regression to determine factors independently associated with ICU acquisition of MDRO among non-carriers and factors associated with carriage on admission. Variables with p < 0.10 in univariate analysis were introduced in the model, and backward analysis was performed. Variables not significantly associated with the outcome were removed based on the Wald statistic. The Hosmer-Lemeshov test was used for assessing models' fitness. Only the most parsimonious models, i.e. those with the least variables and the most significance, are presented. Partially correlated variables were not introduced simultaneously in the models. P values are two tailed, and P <0.05 was considered statistically significant. The prevalence rate was defined as the proportion of patients carrying a MDRO during the 6-month study period per 100 ICU admissions. The attack rate is a cumulative incidence rate and was defined as the proportion of patients acquiring MDRO within ICU during the study period per 100 patients admitted within ICU and included in the study. The incidence density rate was defined as the proportion of patients carrying a MDRO during the study period per 1000 hospital-days computed for patients included in the study.
Data collected were part of standard care during the period of the study, and were anonymysed before processing. Ethical clearance was obtained locally for each of the eight participating hospitals (Beijing:Peking Union Medical College Hospital, Peking University People's Hospital, Peking University First Hospital, and China-Japan Friendship Hospital; Shanghai: Zhongshan Hospital Fudan University, and Ruijin Hospital; Changsha: Xiangya Hospital,; Guandong: Nanfang Hospital).
Results
A total of 8 voluntary Chinese ICUs (5 mixed, 2 surgical, and 1 medical ICU) from four regions (4 in Beijing, 2 in Shanghai, 1 in Changsha, and 1 in Guandong) participated anytime in the prevalence study. The number of patients included in each ICU during the study period varied from 22 to 137 (median, 86) for a total of 686 patients. The overall characteristics of the 686 patients included in the study are given in Table 1 . A total of 59.0 % were male, and 75.5 % had severe or critical status on admission. The proportion of patients with mechanical ventilation was 55.5 %. The later proportion varied from 31.4-94.9 %, three units having a proportion higher than 50 %.
The global prevalence rate of MDRO on admission among all included patients (i.e. length of stay > 24 h) was 36.0 % ( Table 2 ). The rates varied from 15.5-50.0 % according to the ICU, 6 out of the 8 ICUs units having rates > 25.0 % ( Table 3 ). The rate was the highest for ESBL-producing Enterobacteriaceae (32.7 %), and the lowest for P. aeruginosa (0.6 %). Among all ESBL-producing Enterobacteriaceae isolated during the study period, 83.5 % belong to the Escherichia coli species, and 10.1 % were Klebsiella pneumoniae. A total of 104 patients acquired at least one of the four previously defined MDRO during ICU stay, resulting in an overall attack rate of 23.7 % and an incidence density rate of 35.0 per 1000 hospital-days ( Table 2 ). The attack rates varied from 6.3-44.4 % and the incidence density rates from 12.3 to 45.8 per 1000 hospital-days according to the ICU (Table 3 ). The respective attack rates for each MDRO were 14.9 % for ESBL-positive Enterobacteriaceae, 5.4 % for MRSA, 5.2 % for A. baumannii, and 0.7 % for P. aeruginosa ( Table 2 ). The overall prevalence rate on ICU discharge was 51.2 %, and the prevalence density rate of 71.1 per 1000 hospital-days. The median time of acquisition was 7 days for ESBL-producing Enterobacteriaceae, MRSA, and A. baumannii, and 14 days for P. aeruginosa. As expected, the risk to acquire MDRO increased with the ICU length of stay (Fig. 1) . The overall attack rate increased from 13.2 % for patients hospitalized less than one week to 82.1 % for those staying more than 3 weeks (Table 2) .
Compared to patients with no MDRO on admission (Table 1) , those carrying at least one MDRO on admission were more likely to have been hospitalized for a longer period of time before ICU admission (median 7 days versus 6 days, p = 0.05), to have a prior history of invasive device (53.4 % versus 41.2 %, p = 0.002), and to have received antibiotic in the last 3 months (47.8 % versus 36.7 %, p = 0.005).
In the logistic regression analysis where all three latter variables were entered, prior history of antibiotic remained independently associated with MDRO carriage on admission (OR: 1.4; 95 % confidence interval: 1.1-2.0).
Compared to patients who did not acquire any MDRO during ICU (Table 1) , those acquiring MDRO were more In univariate analysis, factors associated with acquisition of either ESBL-producing Enterobacteriaceae (Table 4) , or MRSA (Table 5) , were comparable to those of any MDRO acquisition. Receiving a glycopeptide before MRSA acquisition was associated with a higher risk of MRSA acquisition (42.9 % versus 15.6 %, p < 0.001).
When considering MDR A. baumannii acquisition (data not shown), carriers were more likely than noncarriers to have had invasive devices before ICU admission (75.8 % versus 43.8 %, p < 0.001), and to have mechanical ventilation (84.9 % versus 53.6 %, p < 0.001). A separate analysis regarding MDR P. aeruginosa acquisition was not performed because of the low acquisition rate.
Discussion
We conducted the first multicentre study on MDRO carriage in Chinese ICUs where systematic admission screening was not a general policy. We showed that almost one third of the patients carried MDRO on admission and that ESBL-producing Enterobacteriaceae were the most prevalent. There was a high incidence density rate (35 per 1000 hospital-days) resulting in one out of two patients carrying at least one MDRO on ICU discharge. MRSA incidence density rate was one third that of ESBL-producing Enterobacteriaceae. MDRO acquisition was significantly linked to the use of antibiotics.
The present study relied on systematic screening to assess the burden of MDRO in Chinese ICUs, as recommended in many countries [6, 16] . It has the advantage to identify asymptomatic carriers who are nevertheless disseminators.
In our study, the overall MDRO carriage on ICU admission was rather elevated. The proportion of MRSA carriers on admission in our study (3.4 %) was slightly lower than in French ICUs at the end of the 1990s (4.2-6.9 %) [17, 18] . In studies conducted in western countries in the era of CTX-M ESBL-positive Enterobacteriaceae, carriage of such isolates was lower (2 % to 8 %) than in the present study [2, 19] . Nevertheless, the rate observed in Chinese ICUs is lower than the 60 % reported in an Indian ICU in 2008-2009 [20] . The high rate of MDRO carriers is likely to be a combination of poor hygiene and high antibiotic use before admission as demonstrated by the fact that, in our study, prior antibiotic exposure was independently associated with MDRO carriage. Cross-transmission may have occurred either in the community or within other wards before ICU admission [21] . However, no data are available to assess cross-transmission outside ICU in China, and data regarding the prevalence of MDRO in the community are also lacking.
The overall rate of MDRO acquisition was high. It ranged from 1 per 1000 patients-days for multiresistant P. aeruginosa to 21.5 per 1000 patients-days for ESBLproducing Enterobacteriaceae. The latter incidence rate is to be compared to those reported in France (1.6 to 5.3 per 1000 patients-days), or the Netherlands (14 per 1000 patients-days) [22, 23] . Incidence rates cannot be confronted to proportions of MDRO within each species, because the first relate mostly on carriage while the latters are only based on clinical samples. Incidence density data are drastically needed because it is a better estimate of the burden of MDRO as compared to proportions of resistant isolates within the species. However, the reported proportion of ESBL-producing isolates amongst E. coli and K. pneumonia isolated in clinical samples in China (56.2 % and 43.6 %, respectively) [13] is far higher than the same proportions reported in France (8 % and 13 %, respectively) or in the Netherlands (4 % and 6 %, respectively) [22, 23] . Therefore, findings of higher incidence density rates in China as compared to other countries are concordant with MDRO proportions reported elsewhere. Of interest, the median time of acquisition reported for ESBL-producing Enterobacteriaceae (7 days) was similar to the one reported in France where the incidence density rate is much lower [3] . We found that antibiotic exposure was an independent risk factor for MDRO acquisition. No antibiotic policy was implemented at the time of the study Moreover, data on antibiotic use in Chinese ICUs are missing preventing any benchmarking. Poor hygiene is likely to play a major role in MDRO cross-transmission within ICUs in addition to antibiotic exposure. However, because the present study was not designed to assess factors involved in cross-transmission, we did not collect factors known to be linked to acquisition such as hand hygiene or isolation precautions compliance, colonisation pressure, nurse-to-patient ratio, case-mix, and intensity of care. Of note, isolation precautions were not systematically implemented for MDRO carriers in participating ICUs. Our study was not designed to assess carriage of P. aeruginosa or A. baumannii outside the digestive tract, although it has been demonstrated that both species are colonizing other sites [24] . It was considered that results from this first study would help to decide if more focused studies are needed. Therefore, rates reported herein are likely to represent the lower part of a range. However, the acquisition rate reported herein for A. baumannii is similar to that reported in Italy during an outbreak and should therefore be considered as worrisome [25] . Similarly, this study did not look for MRSA carriage outside anterior nares. Therefore MRSA rates reported in our study are likely to be slightly underestimated. Another weakness of our study is that we are not reporting the genetic mechanisms of resistance of MDRO. Although it is of interest to evaluate genes circulation around the country, it has not been demonstrated to be of any interest neither in the evaluation of the magnitude of the bacterial resistance issue nor in public health decision-making. Such data related to China may be found in other studies dedicated to this topic [7] [8] [9] [10] .
Conclusion
The present study allowed evaluating the burden of MDRO in Chinese ICUs. We showed that antibiotic resistance is of concern in ICUs but also outside the ICU and mainly involved ESBL-positive Enterobacteriaceae. Our study is intended to be a baseline study to be repeated after implementation of control measures such as improving hygiene and mastering antibiotic use. Since our study, a new policy for antibiotic control was issued in China. This comprehensive policy includes restriction of antibiotic use, strengthening of laboratory diagnosis for bacterial resistance, antibiotic stewardship and building of regional surveillance networks. The effect of such a policy on MDRO rates could be evaluated by using a similar surveillance program.
